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Introduction: ‘l’he l>irc.ct Broadcast Satellite Radio (I)}]SR)  Program is a joint effort bctwecrr
~ NASA and the United States lnforn~ation  Agency/Voice of America (USIA/VOA).  1>1;S1<

will offer audio signals with various ICVCIS of sound quality (AM, PM,  and Cl)) to reach a
variety of radio receiver types (fixed, portable., and mobile) in various environments
(indoor/outdoor, rural, urban, and suburban). JP1, has successfully conducted two reception
cxpcrirnents  and demonstrations via a NASA “1’racking Data Relay Satellite ~1’1 )1{S) at 62°
West longitude with the sound signal send from White Sands, Ncw Mexico. ‘l”hcse  live
demonstrations were conducted at l’asadcna, California and at Buenos  Aires, Ar.gcntina  in
Jurrc an(i Sc.ptcmbcr,  rmpcctivcly.  qlis paper describes the low cost antennas developed at
J1’1, for the two dcrnonstrations. ‘1’hcy arc the drooping dipole and the 3’MZ1 mode circular
patch antennas for mobile p]atforlns  as well as the medium gain antenna for indoor
environments.

Antcnnn IU!quiremcnts:  “l-he mobile  antenna requirements arc: (1) small size and mass, (2)
2.05 G] IZ operating frcqucmcy, (3) right hancl circular polarimtion (Ill ICI)), (4) 360°
azimuthal covcragc,  (5) at least 4.5 dl]ic  peak gain, and (6) optimum coverage between 40°
and 4S0 from zenith. “1’hc mobile antennas arc to be mounted on an 18” diarnctcr ground
plane simulating the automobile’s antenna mounting platform. ‘1’trc medium gain antenna
rcquircn:cnts are sarnc  as the mobile  antenna except providing at least 12 dllic peak gain.

Omni  lh-ooping Dipoles: ‘1’wo drooping dipole  antennas (S1 and S2) were dcsigncci based on
the previous MSA’J”S  (Mobile Satcl]itc)  antennas at 1,-band [1].  l~igure  1 illus[ratcs  the
physical configuration of this an[cnna. ‘I”hc impedance match tuning ring, dipole lenglh  (1.2”
short arms’ length and 1,8” long arms’ lcngt}l) and height (3.2”) were  found to achicvc
optimum RF performance at 2.05 CI1 IY,. ‘Ilc height of the dipole arms were first adjustc.d for
a berm peak at 43°. I]owcver,  the highest peak gain was 2 dllic,  which is too low to be
accepted. ‘1’hc  reason why we get such a low gain value is that the energy tends 10 radiate
toward the zenith direction instead of concentrating in the 43° direction. l’hus  the height was
increased further to rcducc the energy radiated in the zenith direction. However, the beam
peak cmc.rgcs at &60°. E’igurc  2 shows a representative rncasurcd  radiation pattern for onc
of these drooping dipole antennas.

Ornni Patch Antennas: The circular patch antenna, as illustrate.ci in IJigure 3, is rnodificcl from
the MSA3” ‘1’M21  mode patch  antenna [2]. ‘1’hc  patch antenna’s diameter is & with a 5,2”
diameter top raciiating  patch, which is printed on a 0.5” thick Nomcx  honeycomb with 5 mil
thick Micaply  face sheets. I’hc  original MSA7’ patch antenna was measured with an cxtcrna]
feed component consisting of a two-way power divider and two 90” hybrids. ‘1’o rcducc the
feed circuit loss and to provide a precise amplitude and phase input at the four feed ports,
a printed circuit board (PCII)  feed, as depicted in F’igurc 4, was designed and fabric atccl.
~lrus  the patch  antenna was rncasurcd  either with a PCJ3 feed or an external feed. Indcccj,
the patch antenna with the l)CB feed has approximately onc dll higher gain and is much
more con formal than the patch antenna with an external feed component. ‘1’able 1
sun~marizm  the measured peak gain, the peak direction, and the VSWR of all the antennas,
l;igure  5 shows a reprcsentativemcasured  radiation pattern for one of these patch antcnnrrs.
Another patch antenna with a thin substrate (0.125” thick ‘1’cflon-l;ibcrglass) and a sma]lcr



size (3.75” diameter patch) may bc conside.rwd for further reducing the size of this “1’M21  mode
patch antenna.

Mcdinm Gain Antennas: CI’wo patch  array antennas (8.5” by 8.5” in size and 0.126” thickness)
were dcvclopcd  to provide at least 12 dllic peak gain (at broadside). Onc array uscs  a
eonvcntionfil  feed and the othc.r arlay uses the sequentially arranged feed tcchniquc [3,4], as
illustrated in l;igurc 6, to gcncratc circular polarization. ‘1’hc sequentially fc(i array gives
better 2:1 VSWR bandwidth (132 MIIz I]W), axial ratio (0.8 d13 AR), and sidclobc  Icvc1(-24
dl~ S1.1.) performance than the conventional feed array (82 MIIz BW, 1.4 dll AR and -13 d])
S1 L). Note that the antenna size may bc furtilcr rcduccd to approximately & by 6“ in size
by replacing the feed lincswith a PC]] feed circuit board behind the radiating patch clcmcnts.

Conclusion: 1’WO different low gain omni antennas (the drooping dipole and the l“M21 mode
circular patch antennas), and two medium gain patch antennas were developed for the
successful 1)13S1{ demonstrations in Pasadena, Ca]iforniaand Ilucnos Aires, Argentina. l’hcsc
low cost antennas can bc used indoor or outdoor to rcceivc  digitaI  audio signals from the
‘J’I)RS satcilitc. “1’hc patch antennas are. more conformal  than the drooping dii>olc an~cllnas.
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TAB1,E  1. Measured Antenna Performances Summary at 2.05 GIIz

——.—. ..—. ._. ——
Antenna ‘l~)c

——— . ..ITE?E.4-=F-
I)rooping Dipole S1 “ 1.12 60 0.6 4.8

Drooping Dipole S2 I 1.22 I 60 1.0 4.7

Patch w/o PC}] Feed 1.4 36 2.0 5.5

Patch with I’Cl] IJccd
I IS6 .__Ls____120  16S

Sequential Array 1.48 0 0.8 12.0
- —.—— — — - — .
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Figure 3. 1 M21 Mocje Circular Patch Antenna
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